Abstract: It has been suggested that a greater dairy consumption, particularly of milk, may have contributed in lowering the prevalence of metabolic syndrome (MetS). A cross-sectional analysis was conducted to examine the association between milk consumption and MetS, and its components among Korean adults aged 40-69. A total of 130,420 subjects (43,682 men and 86,738 women) from the Health Examinees Study were selected for the final analysis. Milk consumption was estimated using a validated 106-item food frequency questionnaire. MetS was defined using the National Cholesterol Education Program, Adult Treatment Panel III (NCEP III). Logistic regression analyses were performed to calculate the odds ratios (ORs) and 95% confidence intervals (CIs) between milk consumption and MetS after adjusting for potential confounders. In this study, the average milk consumption was 77.9 g/day, with the overall prevalence of MetS being 26.1% (29.1% in men and 24.6% in women). We found that the prevalence of the MetS was significantly lower in subjects with higher milk consumption (p < 0.0001). Adjusted OR for MetS was significantly lower in the highest milk consumption category (≥1 serving/day among men; ≥2 serving/day among women) than those in the lowest milk consumption category (OR: 0.92 95%CI: 0.86-0.99, p trend = 0.0160 in men; OR: 0.68, 95%CI: 0.60-0.76, p trend < 0.0001 in women). Overall, higher milk consumption was inversely associated with the MetS components: elevated waist circumference, elevated triglyceride, and reduced high-density lipoprotein cholesterol (HDL-C) (all p trend < 0.05). This study concludes that higher milk consumption is associated with the lower odds of MetS in Korean adults.
Introduction
Metabolic syndrome (MetS), characterized by a cluster of metabolic disturbance, including abdominal obesity, insulin resistance, hyperglycemia, dyslipidemia, and hypertension, is a well-known risk factor for type 2 diabetes mellitus and atherosclerotic cardiovascular disease [1] . Additionally, a recent meta-analysis reported that MetS is associated with an increased risk of common cancers, including colorectal and breast cancer [2] . With an increase in obesity and sedentary lifestyle globally, the prevalence of MetS has increased around the world [3] . Moreover, the prevalence of MetS in Korea has also increased, especially during the last twenty years or so, 19 .6% in 1998 to 28.9% in 2013 [4] . Therefore, now more than ever, MetS is an important target for public health intervention. Although the etiology of MetS is largely unknown, it is thought that genetic, metabolic, and environmental factors, such as diet and physical activity, all play an important role in its development [5] . In recent years, numerous studies have reported the benefits of milk or dairy consumption with regard to lowered risk of (individual) MetS components, such as dyslipidemia [6] , hyperglycemia [7] , type 2 diabetes [8] , hypertension [9] , and abdominal obesity [10] .
Numerous cross-sectional and prospective studies from the United States (US) and Europe have reported that dairy product consumption may contribute to a decreased risk of developing MetS by affecting one or more of its components, such as weight gain, blood pressure, lipid levels, and insulin sensitivity [11] [12] [13] [14] . In addition to the studies conducted in Western countries, similar studies have been conducted in Asian countries. A study conducted among 59,796 middle-aged and older Japanese reported an inverse association between dairy product consumption and type 2 diabetes mellitus only in women [15] . Prospective studies from China have suggested that dairy consumption was associated with a significantly lower risk of type 2 diabetes and favorable changes of cardiometabolic traits in China [16] . A recent meta-analysis of nine prospective studies and 12 cross-sectional studies performed in Western and Asian countries indicated that dairy consumption is inversely associated with both incidence and prevalence of MetS [17] . Although a beneficial effect of dairy consumption has been repeatedly reported, other observational studies are noted otherwise [18, 19] .
As dairy products are generally not included in the traditional Korean diet, the consumption of milk, yogurt, and cheese is relatively lower than that of the Western countries [20] . Only a handful of evidence suggests that increased dairy product intake may be protective against MetS among the Korean population [21, 22] . Most of the previous studies on dairy consumption with MetS were conducted among Western countries. Moreover, most studies from Korea were conducted with a small size population (<10,000 subjects). Therefore, there are still limited evidence of the association between dairy products and MetS among the Korean population. Considering that the prevalence of MetS is increasing dramatically in Korean adults [23] , understanding the association between the risk of MetS and milk consumption is crucial to prevent MetS. Therefore, we attempted to examine whether higher dairy products may reduce the prevalence of MetS and its components using large-scaled Korean population data (>130,000 subjects). Accordingly, the present study aimed to investigate the impact of milk consumption on the MetS and its components among Korean adults aged 40-69 in the Health Examinees (HEXA) study.
Subjects and Methods

Study Population
This study was based on a large-scale genomic cohort study, the Health Examinees (HEXA) Study. For a baseline, a total of 169,722 subjects aged between 40-69 years old were recruited via 38 general hospitals and health examination centers throughout Korea between 2004 and 2013. The HEXA study design has been described in detail in previous studies [24, 25] .
Updated from the previously published HEXA studies, the current study uses the HEXA-G (Health Examinees-Gem) participant sample which was given additional eligibility criteria on the participating sites (i.e., health examination centers and training hospitals). Of the original 38 sites, HEXA-G applied exclusion criteria of the following: 8 sites (n = 9370) that only participated in the pilot study years 2004-2006; 8 sites (n = 12,205) that did not meet the HEXA biospecimen quality control criteria (i.e., different testing protocols); and 5 sites (n = 8799) that have participated in the study for less than two years. In the new HEXA-G data, a total of 139,348 participants remained. Among in HEXA-G subjects, a total of 7274 were excluded: missing information on any MetS components at baseline survey (n = 4723); energy intake <800 or ≥4000 kcal/day in men and <500 or ≥3500 kcal/day in women (n = 4127); and missing information on Body Mass Index (BMI) (n = 78). Ultimately, Ultimately, 130,420 subjects, including 43,682 men and 86,738 women, remained in the final analysis ( Figure 1 ). All of the participants voluntarily signed an informed consent form. This study was approved by the Ethics Committee of the Korean Health and Genomic Study of the Korean National Institute of Health, and the institutional review boards of all participating hospitals (IRB No. E-1503-103-657). 
Assessment of Milk and Dairy Food Consumption
The self-administered food frequency questionnaire (FFQ) assessed the consumption of 106 food and beverage items during the past year. Dairy products include milk, yogurt, and cheese. Food consumption frequency categories were as follows: never or almost never, once per month, two to three times per month, one to two times per week, three to four times per week, five to six times per week, once per day, two times per day, and three times per day. Portion sizes were also measured: one-half standard serving, one standard serving, and one and a half. One serving is equal to 200 mL of milk, 130 mL drinking yogurt, and 20 g of cheese.
The amount of milk consumption was converted to weekly frequencies and then multiplied by the reported portion sizes for each food. To categorize milk consumption, we considered the data distribution of milk consumption. Among milk consumers in our study, the average consumption of milk in women was higher than that of men (115.8 g/day in women vs. 96.1 g/day in men). The number of subjects in category of ≥2 servings/day among women was 2606 (3.0%), which was an adequate number of subjects for statistical analysis; however, among men, there were only 851 subject (1.9%). Consequently, we categorized women into five groups (none or rarely, <3 servings/week, 3 ≤ to < 7 servings/week, 1 serving/day, and ≥2 servings/day); men into four groups (none or rarely, ≤2 servings/week, 3-6 servings/week, and ≥1 serving/day) according to milk consumption. Total energy and nutrient intake was calculated via a food composition table that was developed by the Korean Health and Industry of Development Institute [26] . The test for validity and reproducibility of our FFQ has been performed in a previous study [27] . Regarding validity, age, sex, and energy intake, adjusted correlation coefficients between the FFQ and the 12-day DRs ranged between 0.23 and 0.64 (median for all nutrients 0.39). Regarding reproducibility, the averages of correlations between the two FFQs one year apart were 0.45 for all nutrient intake and 0.39 for nutrient densities [27] . 
The amount of milk consumption was converted to weekly frequencies and then multiplied by the reported portion sizes for each food. To categorize milk consumption, we considered the data distribution of milk consumption. Among milk consumers in our study, the average consumption of milk in women was higher than that of men (115.8 g/day in women vs. 96.1 g/day in men). The number of subjects in category of ≥2 servings/day among women was 2606 (3.0%), which was an adequate number of subjects for statistical analysis; however, among men, there were only 851 subject (1.9%). Consequently, we categorized women into five groups (none or rarely, <3 servings/week, 3 ≤ to < 7 servings/week, 1 serving/day, and ≥2 servings/day); men into four groups (none or rarely, ≤2 servings/week, 3-6 servings/week, and ≥1 serving/day) according to milk consumption. Total energy and nutrient intake was calculated via a food composition table that was developed by the Korean Health and Industry of Development Institute [26] . The test for validity and reproducibility of our FFQ has been performed in a previous study [27] . Regarding validity, age, sex, and energy intake, adjusted correlation coefficients between the FFQ and the 12-day DRs ranged between 0.23 and 0.64 (median for all nutrients 0.39). Regarding reproducibility, the averages of correlations between the two FFQs one year apart were 0.45 for all nutrient intake and 0.39 for nutrient densities [27] .
Definition of Metabolic Syndrome
The current study defined metabolic syndrome using the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) [28] , modified according to Asian guideline for waist circumference. Participants who met three or more of the following criteria were classified as having metabolic syndrome: (1) waist circumference (WC) ≥90 and ≥80 cm for men and women, respectively; (2) triglycerides (TG) ≥150 mg/dL or drug treatment for elevated triglycerides; (3) high-density lipoprotein cholesterol (HDL-C) ≤40 and ≤50 mg/dL in men and women, respectively; (4) systolic blood pressure (BP) ≥130, diastolic blood pressure ≥85 mmHg or drug treatment for elevated blood pressure; and, (5) fasting glucose ≥100 mg/dL or drug treatment for elevated fasting blood glucose.
Covariates
Sociodemographic factors such as age, education, and health-related behavior were included. Age was categorized into three groups: 40-49, 50-59, and 60-69 years old. Education was classified into four categories: elementary school or below, middle school, high school graduate, and college or above. Smoking status was defined using the same categories used by a previous study of our research group [29] . Smoking status was ascertained by posing the following question: "Have you smoked more than 20 packs of cigarettes (400 cigarettes) in your lifetime?" People who had smoked ≥400 cigarettes during their lifetime and still smoked cigarettes at the time of the survey were classified as current smoker; Subjects who responded as never having smoked 400 cigarettes were defined as non-smokers, and past-smoker were defined as those who had smoked ≥400 cigarettes during their lifetime but did not smoke at the time of the survey. Alcohol drinking status was determined by the following question: "Are you unable to consume alcohol or refuse to do so (for religious reasons, etc.)?" Respondents who have never drank alcohol were determined as never drinkers. On the other hand, drinkers who have answered the question "Do you still drink" with "yes" were determined as current drinkers and "no" as former drinkers. Physical activity was assessed by posing the following question: "Do you regularly participate (enough to sweat) in any sports?" Subjects who responded "yes" to the question were assigned to the regular exercise group; the respondents who answered "no" were assigned to the non-regular exercise group.
Statistical Analysis
All of the analyses were performed separately by sex to investigate the association between milk consumption and MetS. The chi-square test (for categorical variables) and linear regression (for continuous variables) were used to analyze the characteristics of the study population based on milk intake. A multivariable logistic regression model was used to assess whether milk consumption was independently associated with the odds for prevalent MetS. Multivariable-adjusted model including age, BMI, education, smoking, alcohol drinking, and physical activity as covariates was used. We considered it necessary to adjust for BMI as a mediator due to it being a strong risk factor for MetS and its components. However, as BMI is highly correlated with waist circumference, the final model excluded BMI from its WC OR calculation. The final multivariable model was adjusted for age (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) , and 60-69 years), BMI (continuous; not adjusted for WC), education (≤elementary, middle, high, ≥college, and unknown), smoking (never, past, current, and unknown), alcohol drinking (non, current, and unknown), regular exercisers (yes, no, and unknown), and total energy intake (quartiles). Initially, we have adjusted for the nondairy food groups (i.e., fruit, vegetables, and meat). However, when we performed another analysis excluding the nondairy food groups in the model, the results did not change substantially. Therefore, in pursuing a parsimonious model, we excluded the nondairy food groups in our final model. Moreover, we performed a sensitivity analysis by excluding subjects with a history of type 2 diabetes, hypertension, and dyslipidemia.
The 95% confidence intervals (95% CIs) of the odds ratios (ORs) were estimated using the Wald method. The test of the linear trend across increasing categories of milk consumption was conducted by assigning the median consumption within each category and as a continuous variable. All of the p-values were two-sided, and statistical significance was set at below 0.05. All of the analyses were performed with SAS (version 9.4; SAS Institute Inc., Cary, NC, USA).
Results
The mean age of subject in current study was 53.6 years in men and 52.3 years in women. The mean dairy food group intakes were 77.4 g/day for milk, 33.5g/day for yogurt, and 0.9 g/day for cheese. The characteristics of the 130,420 subjects from the HEXA study based on milk consumption are presented in Table 1 . Among our subjects, 16.5% of men and 23.3% of women consumed ≥1 serving/day of milk while 43.4% of men and 34.6% of women were none or rarely (≤1 serving/month) consumed. Men reporting higher milk consumption (≥1 serving/day) and that had higher education were less likely to be current smokers, and more likely to be regular exercisers when compared with those who consumed none or rarely. Women who consumed ≥2 servings/day of milk were younger, had lower BMI, had higher education, were more likely to be current drinkers, and were regular exercisers as compared to those who consumed none or rarely of milk. Both men and women with higher milk consumption (≥1 serving/day in men and ≥2 serving/day in women) had higher intakes of energy, carbohydrates, protein, fat, calcium, and higher intake of food group (i.e., grain, vegetables, fruit, and meat) than those in the lowest category of milk consumption (none or rarely), whereas energy from carbohydrates was inversely associated with milk consumption. The prevalence of MetS was 26.1% (29.1% in men and 24.6% in women) among our subjects. The multivariable-adjusted ORs (95% CIs) of MetS and its components across categories of milk consumption are shown in Table 2 . After adjusting for potential confounders such as age, BMI, education, smoking, drinking, regular exercise, and total energy intake, men with higher milk consumption (≥1 serving/day) had decreased odds of MetS (OR: 0.92, 95% CI: 0.86-0.99, p for trend = 0.0160) when compared with those in the lowest category of milk consumption (none or rarely). Women who consumed ≥2 serving/day of milk had 32% lower odds of MetS (OR: 0.68, 95% CI: 0.60-0.76, p for trend <0.0001) as compared to those who consumed none or rarely milk. Higher milk consumption (≥ 1 serving/day in men and ≥2 serving/day in women) was associated with a reduced odds of individual 
Discussion
In this study of healthy Korean men and women aged 40-69, we identified an inverse, linear relationship between milk consumption and the odds of MetS. Regarding MetS components, milk consumption was associated with decrease odds in elevated waist circumference, hypertriglyceridemia, and reduced HDL-C.
To an extent, our results support prior study findings conducted in Korea [20, 22] , as well as in other countries [30, 31] regarding the direction of association between dairy product intake and MetS. Among Korean women aged ≥19 years, subjects who consumed ≥1 serving/day of dairy products had lower risks of MetS than women who did not consume dairy products [21] . In a recent meta-analysis including nine prospective cohort studies, the relative risk of MetS among those with high milk or dairy consumption was 0.85 (95% CI: 0.73-0.98) as compared to those with low consumption [17] . By contrast, some studies have suggested positive or null associations between the intake of dairy products and MetS [32, 33] . In the elderly Dutch population, higher dairy consumption was not associated with lower weight or more favorable levels of components of the MetS [33] . In another cross-sectional study including Brazilian adults aged >35 years, no associations were observed between frequent dairy consumption and the prevalence of the MetS [34] . The discordant results from these studies may be due to the differences in the MetS definition, study population, and study design.
Several potential mechanisms for the association of milk consumption with MetS have been suggested. Various nutrients from milk, including calcium and dairy protein, may synergistically protect against Mets and individual components. Calcium in milk may increase the binding of fatty acids and bile acids in the intestine, thereby increasing fecal fat excretion and/or inhibiting fat reabsorption [35] . Hence, calcium can improve the ratio of HDL-C: low-density lipoprotein cholesterol (LDL-C) [36] . In a previous intervention study, increased calcium intake from milk attenuated postprandial triglyceride level, potentially through reduced fat absorption [37] . Calcium also plays a critical role in the body weight regulation by affecting adipocyte intracellular calcium concentrations and decreasing fatty acid synthesis, but increasing lipolysis, and thus depleting triglyceride stores [12] . Furthermore, dietary calcium reduces blood pressure via the suppression of 1,25-dihydroxyvitamin D, thereby normalizing intracellular calcium in vascular smooth muscle [38] .
Other nutrients of milk, such as protein and fatty acids, were identified as protective factors of MetS in observational studies. Casein and whey protein, major proteins in milk, may improve the lipid metabolism by reducing the postprandial triglyceride response [39] . Total milk protein is comprised primarily of casein and whey protein, which constitute~80 and 20% of the total protein fraction, respectively [40] . Milk protein, particularly whey protein, has been associated with improved serum lipid profile [41] and been shown to positively influence body composition. Whey proteins contain angiotensin converting enzyme (ACE)-inhibiting peptides [42] . Hydrolyzed whey proteins can inhibit ACE in vitro, thereby inducing subsequent inhibition of angiotensin II hormone [42] , which upregulates fatty acid synthase expression, leading to adipocyte lipogenesis [43] . Therefore, the inhibition of ACE by whey proteins may lead to decreased endogenous fat production [44] . Even though there were no statistically significant association between milk consumption, blood pressure, and glucose level, previous studies reported beneficial effect of milk consumption on blood pressure [6, 22] and glucose level [22] . It may be that milk proteins (i.e., casein and whey protein) regulate blood pressure by inhibiting of angiotensin I-converting enzyme, a potent vasoconstrictor [45] . In a previous intervention study, supplementation with whey and casein proteins resulted in lower blood pressure when compared to that of the control group at 12 weeks [46] . Additionally, fasting triglyceride levels and insulin resistance were significantly lowered in the whey protein group as compared with the control group at 12 weeks [41] .
The milk fat is considered a saturated fat, but it contains also a large amount of oleic acids as well as short-chain and medium-chain fatty acids [47] . Medium-chain fatty acids reduce fat mass in rodents via the down-regulation of adipogenic genes and reduced lipoprotein lipase activity [48] . Approximately 25% of milk fat is made up of the mono-unsaturated fatty acid (MUFA) oleic acid, making oleic acid the second most abundant fatty acid in milk fat [40] . MUFA-rich diets have beneficial effects on the ratio of HDL-C: total cholesterol; and, also tend to reduce triglyceride less but elevate HDL-C [49] . These may be due in part to reduced stimulation of cholesteryl ester transfer protein, a key enzyme in reverse cholesterol transport [50] .
Among our subjects, it should be noted that the inverse association between milk intake and MetS may be contributed to the overall healthier dietary pattern associated with higher milk intake. In our finding, people with a higher intake of milk also consumed higher amounts of fruit and vegetables and lower intakes of grain and meat (rich in carbohydrate and fat) as compared with those of non or rarely intake of milk. However, the observed inverse association of milk consumption on MetS persisted even after adjusting for the intake of different food groups.
In our study, subjects with higher milk consumption (≥1 serving/day in men and ≥2 servings/day in women) have more energy intake and a lower prevalence of MetS. Based on the assumption that individuals tend to misreport intakes of most reported foods and beverages to a similar degree and in the same direction [51] , it is possible that higher absolute energy intakes usually tend to result in higher intakes of food group. Thus, the positive association between milk consumption and absolute energy intake may be observed in our study. Variation between individuals in absolute total energy intake is caused by body size, metabolic efficiency, physical activity, weight change, and etc. Thus, if energy intake is associated with disease, but not a direct cause, total energy intake may be confounder. It is generally accepted that energy adjustment is useful in mitigating the effects of measurement error in data collected using self-reported dietary assessment instruments, especially FFQ [51] . Therefore, to identify the association between milk consumption and the prevalence of MetS independent of energy intake, we adjusted for total energy intake in multivariable-adjusted model.
Moreover, there was a gender difference of MetS prevalence under the similar energy intake and the association between milk consumption and the odd of MetS was stronger among women than among men. It is possible that the degree of completion of the FFQ was different between men and women. Women may be more precise and reliable than men in completing the FFQ, as traditionally in Korea, women generally prepare the meals and more knowledgeable about diet and food. Thus, the energy intake among men may be under-reporting in our study. Additionally, this may be in part attributable to residual confounding effects, particularly from smoking or alcohol drinking. Since the proportion of current smokers and drinkers was much higher in men than in women in our study, these lifestyle factors may attenuate the association between milk consumption and MetS among men. Another explanation may involve genetic differences between men and women in regards to diet-related pathology of MetS; specifically, the differences in sex chromosomes, sex-specific gene expression of autosomes, sex hormones, and their effect on organ systems may have played a role [52] .
With regard to yogurt consumption, we did not observe any association with MetS among the HEXA population (OR: 1.03, 95% CI: 0.92-1.15, p for trend = 0.1708 in men, and OR: 0.98, 95% CI: 0.91-1.06, p for trend = 0.7160 in women). This may be due to the fact that the type of yogurt consumed in Korea is different from the conventional yogurt (i.e., Greek, not-curd) consumed in Western countries. The most popular yogurt in Korea is mostly water-based containing 13.8 g of sugar per 100 mL, higher than that of coke (11.0 g per 100 mL). Furthermore, it is given that dairy processing generates a variety of biochemical changes to milk consumption, including the loss of more labile constituents (e.g., vitamin C and enzymes), the removal of bioactive components (e.g., whey removal), and/or the addition of ingredients (e.g., sugar, artificial sweeteners, and flavorings) [53] . These may partly explain no association between yogurt consumption and the prevalence of MetS among our subjects.
Several limitations should be considered when examining the results of the current study. First, results from the current study cannot provide insight on the causation between milk consumption and MetS due to the cross-sectional design. However, the observed association did not change after we excluded subjects who reported histories of type 2 diabetes, hypertension, and dyslipidemia, which may have an effect on dietary change. Nonetheless, prospective studies on milk consumption and subsequent risk of MetS are warranted to support the findings of the current study. Second, the information on consumption of milk and dairy products was obtained from self-reported FFQ; thus, measurement errors in dietary assessment are inevitable and energy intake from FFQ may be less accurate when compared with that from dietary record [54] . Although we adjusted energy intake to mitigate the effects of measurement error in data collected using the self-reported dietary assessment method, there was still substantial biases and inaccuracies in self-reported energy intake. Therefore, it needs further studies about the association dietary factors and disease outcomes using objective and accurate measurement tools in the future [55] . Additionally, we did not obtain the information regarding milk subtypes (whole, low-fat, and skim) from our FFQ, on the basis that most Korean adults consume whole milk, which is most widely available and most popular in Korea. Therefore, we could not assess the effect of milk subtypes (whole, low-, and skimmed) with different fat content on the risk of MetS. Third, health-related behaviors (i.e., smoking, drinking, and physical activities) were ascertained based on self-reporting methods; thus, the present study may not be free of information bias. Finally, as in any observational study, although we carefully adjusted for the relevant confounders, we cannot entirely rule out the possibility of some unmeasured or residual confounding factors (e.g., dietary behavior and measurement error) associated with milk consumption as well as MetS.
Despite these limitations, several strengths are worth mentioning in our study. Our study includes a considerably large number of Korean adults, and by using the HEXA-G database; it is a sample that has become more homogenous with increased internal validity. We have also used a validated FFQ and standardized procedures to collect data, and adjusted for potentially crucial confounders to parse out the independent association of milk consumption with MetS.
Conclusions
In conclusion, a higher consumption of milk was associated with the lower prevalence of overall MetS, elevated WC, hypertriglyceridemia, and lower HDL-C in Korean adults. On this basis, it is necessary to invest in strategies for improving eating habits, with a greater consumption of healthy foods including milk among measures taken for the prevention of MetS and of chronic non-communicable diseases. Additionally, we suggest that further research is needed among the general population and to confirm the results in prospective studies including clinical trials with a more precise diet-assessment method.
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